Z h a n g e t a l . 2 0 1 9 1 Introduction 3 8
Insect galls are one of the most spectacular products of evolution, as they represent 3 9
atypical organ-like structures made by plants under the direction of stimuli provided by insects 4 0 (Shorthouse et al. 2005) . These novel plant structures provide food and protection from the Z h a n g e t a l . 2 0 1 9 3 attract many species of Hymenoptera with different feeding ecologies ranging from 4 7 phytophagous inquilines that feed only on gall tissues, to parasitoids that feed on gall-inhabiting 4 8
larvae (Hayward and Stone 2005) . The assemblage of all inhabitants associated with a population 4 9
taxonomic revisions, which then leads to taxonomic revisions and description of new species The reference collection of coauthor JDS includes rose gall inhabitants collected over the 1 0 8 past 50 years by himself and graduate students. Adults of Diplolepis and Periclistus were 1 0 9
obtained by one of two ways. Mature galls initiated the previous year were collected in the 1 1 0 spring after the inhabitants had been exposed to natural cold temperatures, storing them in either 1 1 1 jars or whirl-pak bags at room temperature then removing the adults as they exited. Alternatively, mature galls were collected in the fall of the year they were induced, placed in 1 1 3 Z h a n g e t a l . 2 0 1 9 6 whirl-pak bags and the galls subjected to temperatures of 0 to 3 o C in incubators for 3 to 4 months 1 1 4
to break diapause. The bags were then stored at room temperature and adults placed in alcohol as 1 1 5 they exited the galls. In all cases, collections of the distinctive galls induced by each species were 1 1 6 placed in separate bags or jars. This reference collection covers a wide geographical area across 1 1 7
Canada, as well as representative collections from USA, Japan, and Turkey. Representative specimens from all collection sites were pin-mounted. Reference 1 1 9
collections of point-mounted specimens from many localities were deposited in the Canadian University, Cluj-Napoca, Romania. All specimens used in this study were point mounted and identified to species whenever 1 2 9
possible (see Table S1 ). Specimens of Diplolepis were identified by JDS (n=313), CL (n=14) or The DNA extraction protocol was performed as part of a PhD thesis by Lima (2012).
Genomic DNA was extracted from one or two legs removed from each voucher specimen using primer sets were used to amplify the DNA barcode region of COI: of 40 seconds at 94°C, 40 seconds at 45°C and 60 seconds at 72°C, followed by 35 cycles of 40 had two independent searches with four chains and were run for 10,000,000 generations, GenBank (see Table S1 ), and the North American specimens can also be found on the Barcode Periclistus of North America (PERNA). Palearctic species, as well as two undescribed species collected from Russia and Kazakhstan 1 8 5
( Fig. 1, S1 ). The genus Diplolepis is recovered as monophyletic, and is further divided into the are calculated by combining Diplolepis with very low divergences grouped into species groups, 1 9 5
and intraspecific divergence ranged from 0 -2.44% (Table S2A ) while interspecific divergence 1 9 6 ranged from 4.60 -17.55% (Table S3A ). AT content) were used for the Periclistus analysis (Fig. 4, S2) . The intraspecific divergence 2 0 0 ranged from 0.13 -2.16% (Table S2B ) while interspecific divergence ranged from 3.55 -9.30% 2 0 1 (Table S3B ). The genus Periclistus is recovered as monophyletic and is further divided into the 2 0 2 Z h a n g e t a l . This study is the first large molecular phylogenetic dataset to test the current species Diplolepis sp.1 which were recovered with very little genetic distance between them (Fig. 1) . In groups, which is consistent with our analysis (Fig. 1) .
1 5
The Diplolepis tree divides into two major clades. The "flanged femur" clade was also The leaf galler clade includes all the species that do not have flanged hind femora, and distinct gall morphology (Fig. S1 ). This leaf galler clade was recovered as five separate lineages clade. This polytomy observed by Plantard et al. (1998) is likely due to limited data, as they were 2 2 8 only able to recover <400bp sequence fragments. This clade can be further split into three observed in CytB between these three Diplolepis species. The Palearctic multi-chamber subclade includes D. fructuum, D. mayri, D. rosae, D. very little genetic divergence, but its gall may be single-or multi-chambered and appear on the delimit the boundaries of these species.
7 0
Diplolepis identification is primarily based on a combination of geography, host plant, 2 7 1 and gall morphology rather than adult wasp morphology, which could have resulted in the over- to mitonuclear discordance, which has been observed in a variety of insects, including cynipids 2 7 5 (Linnen and Farrell 2007; Nicholls et al. 2012; Rokas et al. 2003) . Therefore, without the 2 7 6
inclusion of additional nuclear genes and extensive morphological study of the type materials, 2 7 7
we are hesitant to propose taxonomic changes based on COI data alone. Similar to the gallers, the COI data were able to delimit the Periclistus species associated 2 8 0
with Diplolepis galls into seven species (Fig. 2) . Periclistus caninae, P. brandtii, P. pirata, P. With the addition of these two undescribed Periclistus species, the Holarctic diversity of 2 9 5
Periclistus is increased to 14 species (Pujade-Villar et al. 2016) . Our phylogeny includes less 2 9 6 than half of the known species, so it is unclear whether this Palearctic/Nearctic divide will hold 2 9 7 once more specimens are added. The description of these two new Periclistus species and the 2 9 8 taxonomic revision of the genus are beyond the scope of this paper, however, we recommend 2 9 9
revisions that uses molecular data as a guide for species descriptions as some of the 3 0 0 morphological differences used by Ritchie (1984) differed from our COI results. As is the case with most highly specialized phytophagous insects, Diplolepis gall- boundaries that are hard to define (Fougere-Danezan et al. 2015) . However, the propensity to
